Background-Data routinely captured in clinical registries may be leveraged to enhance efficiency of prospective research. However, the quality of registry data for this purpose has not been studied. We evaluated the completeness and accuracy of perioperative data within congenital heart centers' local surgical registries.
In the field of congenital heart surgery, nearly all US centers now collect standardized perioperative data for submission to the Society of Thoracic Surgeons Congenital Heart Surgery Database (STS-CHSD) [7] . Several centers also participate in the Pediatric Heart Network (PHN), funded by the National Heart, Lung, and Blood Institute, which conducts clinical trials and other prospective investigations related to pediatric cardiovascular disease [8] . While the PHN has traditionally relied upon prospective data collection by trained research coordinators, many of the surgical variables of interest are now routinely captured at PHN sites within their local registry for submission to the STS-CHSD. However, the quality of these registry data across PHN sites remains unclear as the STS currently audits only a subset of registry variables at ~10% of participating sites annually, such that not all PHN sites or variables of interest have been recently audited. Therefore, the purpose of the present study was to evaluate the completeness and accuracy of perioperative data available in PHN sites' local surgical registries compared to data collected by trained PHN coordinators (current standard for PHN studies). Our overall goal was to assess whether these existing registry data may serve as a high quality data source for more efficient conduct of prospective trials and other studies in the congenital heart surgery population.
Patients and Methods

Overview
In this retrospective study (Figure 1 ), perioperative data collected through two different methods were evaluated: 1) existing data in sites' local surgical registries collected for submission to the STS-CHSD and 2) chart review by PHN research coordinators Both used standard STS-CHSD definitions. Twelve US sites participating in both the PHN (9 core, 3 auxiliary sites) and STS-CHSD were included. Each site received institutional review board approval with waiver of informed consent.
Sources of Data
Local surgical registry data-Registry data were obtained by querying sites' local surgical registries containing data collected and submitted to the STS-CHSD. While practices vary across centers, these data are generally collected by a combination of clinicians and trained data managers. Resources for data managers include a manual of detailed data specifications including definitions, standardized training materials, regular phone conferences, updates on the STS website, site audits, and an annual symposium. STS variables are captured using standard definitions and nomenclature from the International Pediatric and Congenital Cardiac Code and Multisocietal Database Project [9] . Standard queries were developed to ensure uniform data extraction from the registry regardless of the software used by the center.
Coordinator-collected data-Data on the same data fields were also collected separately by trained PHN research coordinators at each site through retrospective chart review and entered into a REDCap (Research Electronic Data Capture) database [10] . The same standard STS-CHSD definitions for each variable were used [9, 11] . PHN coordinators primarily collect data related to prospective PHN studies and clinical trials. While the experience level among coordinators varies, all are required to complete standard training and demonstrate familiarity with methods for data collection, endpoint measurement, knowledge of definitions and source documents, and use of data management systems. There are monthly coordinator conference calls and two in-person meetings each year. The PHN coordinators who did the chart review had varying experience: 50% had > 5 years' experience, 33% had 2-5 years' experience, 17% < 2 years' experience. Only 1 (8%) site's coordinator was non clinical, 92% had clinical experience as nurse, nurse practitioner or respiratory therapist, with 67% having cardiac experience. Furthermore the PHN coordinator and registry data collectors were not the same individuals at any of the sites.
Study Population
Each site submitted data on the 10 most recent eligible subjects prior to January 1, 2014, who were ≤ 12 months of age and underwent the following procedures: 1) complete common atrioventricular septal defect (AVSD) repair; 2) repair of tetralogy of Fallot (TOF) with pulmonary stenosis (PS); 3) arterial switch operation (ASO) for d-transposition of the great arteries with intact ventricular septum (dTGA/IVS); 4) arch and ventricular septal defect (VSD) repair (including interrupted aortic arch (IAA)); and 5) Norwood procedure. We excluded subjects who had undergone prior open or closed heart surgery or prior cardiac catheterization intervention, with the exception of balloon atrial septostomy and/or atrial stenting prior to ASO or Norwood procedure. These procedures and inclusion/exclusion criteria were chosen to coincide with the planned PHN Residual Lesion Score (RLS) study which evaluates the impact of residual lesions following congenital heart surgery on outcomes.
Variable Selection
Study investigators (JWG, JJ, MJ, MN, JN, SP) selected common perioperative variables from the STS-CHSD for inclusion in the study [12] , comprising of 31 main variables and their subcategories totaling 113 unique fields (Table 1) .
Adjudication
The panel defined criteria for perfect matches, acceptable variance (small clinically insignificant differences), and unacceptable variance (mismatches) between the registry data and coordinator chart review ( Table 1 ). All mismatches were adjudicated by the local site principal investigator (or their designee) who conducted an independent review of the medical record to classify mismatches as: registry data correct, coordinator data correct, or unable to adjudicate. Adjudication data were further reviewed by the panel to ensure consistency.
Analysis
Our primary goal was to evaluate the completeness and accuracy of the registry data. The following definitions were used for this study:
Accuracy-Agreement of the registry data with medical record review by the PHN coordinator, adjudicated by the study team as described above, was used to describe accuracy. This included perfect matches, acceptable variances, and cases where data mismatches were adjudicated as the registry data being correct. Results are reported both overall and for non-missing data.
We also reported the proportion of registry data that were both complete (non-missing) and accurate. Results are reported overall, by site, and by data field. We considered inadequate accuracy to be <97% and inadequate completeness as >5% missing. Finally, to capture the time required for data collection for either method, each site provided the number of hours required to query the registry and for the PHN coordinator to collect and enter data, and summary data were reported. Given the descriptive nature of the study, standard descriptive statistics were used and no formal statistical comparisons were made.
Results
Study population
Eight of the nine core PHN sites enrolled 50 subjects each (10 subjects for each of 5 procedural categories). One core site was unable to provide data on the Arch/VSD procedural category, because their practice was to repair the arch and VSD in separate procedures. Thus, this site accrued 40 subjects. Three PHN auxiliary sites accrued 20 subjects each (10 subjects for each of 2 procedural categories -AVSD and Norwood). In total, 500 subjects and 56,500 data elements were included in the study.
Registry data completeness and accuracy
With regard to data completeness, 3.1% of data elements were missing from the registry only, 0.6% from coordinator-collected data only, and 0.4% from both ( Table 2 ). In our evaluation of data accuracy, we found overall accuracy of the registry was 98.0% (for nonmissing data elements; Table 2 , Figure 2 ). Of note, during the adjudication process for the 521 data elements where there was a mismatch between the registry and coordinator chart review, the coordinator data was adjudicated as correct in 53.7% of instances, and the registry in 46.3% of instances (Table 2 ). In total, 94.7% of data elements were found to be both complete and accurate within the registry data ( Figure 2 ).
Variation across data fields and sites
Completeness and accuracy varied across data fields ( 
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Missing data in particular was an issue for pre-operative factors and complications at some centers.
Site-specific completeness and accuracy are displayed in Table 3 . There was minimal variation across sites in accuracy of registry data (ranging from 96.8%-99.1%), but considerably more variation for proportion of missing registry data (ranging from 0.1%-14.5%). For the two sites with the highest proportion of missing registry data, the main sources of missing data were gestational age (89% missing) and complications (24% missing) for site A; and complications (56% missing), pre-operative factors (46% missing), birth weight (29% missing), and gestational age (22% missing) for site F.
Time analysis
The time for PHN coordinator's chart review, data collection, and entry averaged 0.9 (± 0.5) hours/subject. For the sites that enrolled 40 subjects or greater, this totaled a mean of 49.1 (± 26.9) hours/site. In contrast, the average time reported to query the registry was a mean of 7.0 (± 5.3) hours/site.
Comment
In this study, we evaluated the completeness and accuracy of perioperative data collected within sites' surgical registry compared to chart review by PHN research coordinators. We found that the registry data were 98% accurate, and that 94.7% of data elements were both complete/non-missing and accurate in the registry data. Data extraction from the registry saved a considerable amount of time. Variation in completeness and accuracy across data fields and sites suggests areas for improvement.
In recent articles [1, 13, 14] , leveraging existing registry infrastructure and data has been proposed as a platform to more efficiently conduct prospective research, including clinical trials. The potential advantages of this methodology were recently demonstrated by the Thrombus Aspiration during ST-Segment Elevation Myocardial Infarction trial, which used a Swedish catheterization registry as the trial backbone and enrolled >7,000 subjects in ~2 years with a total reported budget of only $300,000 [2] . These methods have also been successfully used in another study utilizing an American College of Cardiology catheterization registry as the trial platform [3] .
In considering application of this methodology to the pediatric cardiovascular population, it is necessary to further understand data quality across available registries.. The most recent STS-CHSD audit results from 2013 across ~10% of participating sites demonstrated 100% completeness and 99% accuracy of data fields pertaining to both primary procedure and in hospital mortality. In addition, a previous study demonstrated 99.8% congruence of inhospital mortality data between the STS-CHSD and a large administrative dataset [15] .
Published audits of other registries in the field such as the Pediatric Cardiac Critical Care Consortium (PC 4 ) Registry have also demonstrated high rates of overall accuracy (99.1%) [5] .
Our study expands upon these findings by examining completeness and accuracy of a broad spectrum of registry data fields specifically across sites participating in the PHN who are actively engaged in conducting prospective research. Site-specific evaluation is important because, as demonstrated in our study, data quality can vary across sites. We found that data accuracy was generally high and consistent across sites; however there was some variability in completeness and accuracy across the different data fields, highlighting areas for improvement.
Based on these findings, we developed site-specific recommendations for data collection for the ongoing prospective multi-center RLS study being conducted within the PHN. For this study, PHN sites are able to utilize existing surgical registry data for data fields that have a high degree of completeness and accuracy at their site. Detailed reports and recommendations for data collection were provided to each site. For other fields not captured in the registry, or without adequate quality, data are collected by PHN coordinators.
The RLS study will be the first study to use surgical registry data for a multi-center prospective investigation in the congenital heart surgery population. Similar methods have also been used recently within the PC 4 registry [16] in a study involving pediatric cardiac ICU patients.
Limitations
Our study was a retrospective study sampling a subgroups of patients across 12 sites. The similarity of our results to published registry audits supports the generalizability of our findings. Nonetheless, it is possible that results could differ across other sites, operations, or variables. Our study was retrospective and it is possible results may have differed if coordinator data were collected prospectively. Finally, we did not separately adjudicate all data elements and assumed that registry data in agreement with coordinator-collected data was accurate, as coordinator-collected data are the current standard for clinical trials. While it may be possible that the data may be in agreement but both sources incorrect, previous audit data suggest this is unlikely. Finally, we did not perform a detailed cost analysis, but reported data on the time required for the different data collection methods to aid in understanding potential differences in resource utilization.
Conclusions
This study suggests surgical registry data constitute a complete, accurate, and efficient information source for prospective research. The ongoing PHN RLS study will be the first example of the use of these surgical registry data in a prospective study. These methods may also be useful across other areas of pediatric cardiovascular medicine and other fields, allowing for greater research efficiency.
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